Fixed methaphase chromosomes of Salmo trutta were treated with different restriction enzymes. Each enzyme produces a specific banding pattern which demonstrates the value of restriction enzymes for chromosome banding iii this species. Digestion with Alul, DdeI, HaeIII, Hinfi and MboI indicated the existence of different classes of highly-repetitive DNA. The restriction endonuclease analysis carried out in Salmo trutta trutta and Salmo truttafario morphae has revealed no differences in respect of heterochromatic distribution and composition.
Introduction
It is now an accepted fact that variability of constitutive heterochromatin appears to be an extended characteristic of vertebrates (Babu & Verma, 1987) . As the result of recent advances in staining techniques it has become possible to recognize heterochromatin regions with great precision in several groups (see for review John, 1988) .
Few studies of heterochromatin differentiation on the chromosomes of fishes are available primarily for reasons which relate to the general difficulty in working with fish chromosomes (Gold & Amemiya, 1986) . In Salmonids, these analyses have been performed mostly by C-banding (Zenzes & Voiculescu, 1975; Thorgaard, 1976; Hartley & Home, 1984; Lee & Wright, 1981) , and Q-banding and chromomycin (CMA3) staining (Abe & Muramoto, 1974; Phillips & Zajicek, 1982; Phillips & Hartley, 1988; Mayr et al., 1988) . In situ treatment with restriction endonucleases (REs) has proved very useful to reveal heterochromatic regions, because these enzymes are able to digest DNA from fixed chromosomes demonstrating specific regions enriched in target sequences for each enzyme (Miller et a!., 1983; Mezzanotte eta!., 1983) .
The application of restriction enzymes methods has been extensively used in the analysis of the nature and distribution of heterochromatic regions in mammalian chromosomes (see for review Babu, 1988) . Miller et al. (1983) have suggested that the technique of restriction endonuclease (RE) banding could be used particularly on the chromosomes of fish and amphibians, which do 241 not readily band using conventional banding methods. However, few attempts have been made until now to analyse fish chromosomes with RE banding (Lloyd & Thorgaard, 1988; Cau et al., 1988; Sanchez et a!., 1990) , although the results seemed to give clear improvements in chromosome classification and heterochromatin differentiation.
In an attempt to characterize the nature and distribution of heterocbromatin regions in Salmo trutta (morphae fario and trutta) we have employed RE digestion on fixed chromosomes. Our results show that different subsets of highly-repetitive DNA can be detected, demonstrating a great heterogenity for the heterochromatin in this species. Additionally, we have not found heterochromatic differences between sea and brown trout (trutta and fario, respectively) on the basis of RE banding.
Materials and methods
Fifteen adult individuals of brown and sea trout (eight and seven, respectively) were collected from different rivers of Galicia (northwest of Spain). Chromosome preparations were obtained from lymphocyte cultures as previously described in Sanchez et a!. (1990) . For C-banding, slides were incubated in 0.2 N HC1 for 50 mm, dipped into saturated Ba(OH)2 at 37°C for 30 s to 1 mm, and incubated in 2 x SSC at 60°C for 15 mm. Slides were stained in 10 per cent Giemsa for 10 mm.
Fluorochrome staining was carried out using the technique of Schweizer (1976) . Metaphase chromosomes were photographed on an Olympus Vanox microscope using Kodak Imagecapture film. Representative metaphases were karyotyped for each enzyme for all individuals. Quantitative determinations of heterochromatin amounts were made of enlarged positive prints of C-banded karyotypes from sea and brown trout using a digitizer. The total amount of heterochromatin was measured using the total length of heterochromatic regions divided by total length of all chromosomes.
Results

Chromosome identification
The REs employed in the present work give a specific and reproducible banding pattern (Table 1) DdeI (Figs 1 and 3) The general effect of this endonuclease resembles that of Alul. The centromeres of the metacentric pairs are digested, except pairs 1 and 3. The intercalary bands of pairs 11, 12 and 13 show great definition. NOR region is completely digested and the short arms of pairs 8
and 9 show positive staining.
Hinfi (Figs 1 and 4) The endonuclease Hinfi shows a peculiar behaviour on trout chromosomes. The centromeres of all meta- The effect of this enzyme resembles in general the C-band pattern with the telomeres better defined and other bands intensively stained. The NOR region, C-band positive, is completely digested.
MboI (Figs land 6)
The restriction enzyme MboI gives the characteristic C-band pattern. All C-positive areas appeared wellstained after digestion with this enzyme. 
Discussion
The analysis of fixed metaphase chromosomes with restriction enzymes allow us to reveal different subsets of C-bands in Salmo tnata. These results provide some evidence for the existence of various specific classes of highly repetitive DNA in the constitutive heterochromatin of this species. Depending on their response to the action of restriction enzymes (also c-banding and CMA3 staining) the heterochromatin could arbitrarily be divided into at least 11 types (Table 2 ). These data suggest that the heterochromatic substructures of different chromosomes presumably belong to the same heterochromatic type while others are unique (for example centromeres of pairs 12 and 13). Different types of heterochromatin were detected in human (Babu & Verma, 1986) , and orthoptera chromosomes (SentIs et al., 1989; Gosálvez et al., 1987) treatment with restriction enzymes suggest that heterochromatin displays great molecular heterogeneity. After RE banding some heterochromatic regions appeared differentially digested with the REs used, while others remained undigested, such as the telomeres. It has been suggested that DNA sequences in the heterochromatin are distributed following the principles of equilocality and concerted evolution, based essentially on the distributions of C-bands and fluorescent bands (John et al., 1985) . In this sense, the different pattern of digestion found in Salmo tnata after RE treatment (and C-band and CMA3 staining) may suggest that concerted evolution of heterochromatic DNA might have occurred in this species. The telomeres of Salmo tnata probably have homogeneous repeated DNA resistant to the action of several restriction enzymes, thus indicating that these heterochromatic regions would be composed of particular, repetitive DNA sequences, as has been suggested by Rubin (1977) for other organisms. In contrast, iii Baetica ustulata SentIs et aL (1989) found that centromeric regions show the same specific pattern of restriction enzyme banding, contrasting with the heterogeneity exhibited by the chromatin of the distal regions.
Polymorphisms of heterochromatin could also be detected after RE treatment in Salmo trutta (terminal bands of pairs 8 and 9, Figs 2-6). The increased amount in one of the two homologues is usually explained by unequal crossover during meiosis. Schmid & Almeida (1988) have suggested that, if this is true, the enlarged C-bands should respond in a uniform way along their total length after treatment with REs. The terminal C-band of pairs 8 and 9 in Salmo tnttta, which varies in size in different individuals (Martinez et a!., 1991) , show the same behaviour after digestion with all the endonucleases tested in this work. So, amplification of similar repetitive DNA in these regions could account for unequal crossover. The use of REs could also be useful for detecting cryptic bands not visible by banding techniques such as C-bands of fluorochromes (Gosálvez et at., 1989) . As has been shown here a cryptic band in chromosome pair 1 could be demonstrated after treatment with Alul, DdeI, HaeIII, Hinfi and MboI (Figs 1-6 ).
The analysis of composition and location of heterochromatic regions in the chromosomes has been extensively used for cytotaxonomic studies. The C-banding and fluorochromes are particularly useful for this purpose (John & King, 1983; Herrero et at., 1989) . In this sense we have applied the technique of RE banding in a further attempt to detect chromosome differences in two morphae of Salmo trutta (fario and trutta). The results presented here after in situ digestion with REs are in accordance with our previous data after C, NOR and CMA3 banding in sea and brown trout (Martinez et at., 1991) . At the chromosomal level it seems clear that there are no differences between these two morphae. This report demonstrates the value of REs for chromosome banding, characterization of the nature and distribution of heterochromatin and polymorphism analysis in a Salmonid fish, Salmo trutta.
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